Background: The dried fruits of Alpinia oxyphylla Miq have been widely used as an herbal medicine for the treatment of diarrhea and enuresis in China. Medicinal chemistry studies revealed that the tepenes, diphenylheptanes and flavones were the main components. Therefore, these three kinds of components should be chosen as the bioactive marker compounds for the quality control of A. oxyphylla fruits. Moreover, multiple active components has been widely recognized to be a more feasible method for the quality control of herbal medicines. This study firstly provided a better method for comprehensive component analysis of A. oxyphylla fruits. Meanwhile, the different harvest time was also evaluated. Results: The solvent-to-sample ratio was the most important factor comparing with solvent, extraction time and temperature. The highest yield of nine compounds was achieved with 70% ethanol-water and a solvent-tosample ratio of 20:1 at 60°C for 30 min. The optimized analytical method for ultra fast high performance liquid chromatography (UFLC) was a gradient elution using water containing 0.04‰ formic acid (A) and methanol containing 0.04‰ formic acid (B), at a flow rate of 0.3 mL/min. Using this optimized method, nine compounds were simultaneously separated and quantified by UFLC coupled with tandem electro-spray ionized mass spectrometry (MS/MS).
Background
Alpinia oxyphylla fruit, Yizhi in Chinese, is the dried fruit of A. oxyphylla Miq., which has been widely used as an herbal medicine in China for the treatment of diarrhea and enuresis [1] . Pharmacological investigations have shown that the fruits of A. oxyphylla possess an array of activities, including anti-inflammatory [2, 3] , anti-allergy [4] , anti-ulcer [5] and neuroprotective [6] [7] [8] activities. It was reported that the tepenes, diphenylheptanes and flavones were the main components in A. oxyphylla extract [9, 10] . Therefore these three kinds of components should be chosen as the bioactive marker compounds for the quality control of A. oxyphylla fruits.
So far, some studies on the quality evaluation of A. oxyphylla fruits by high performance liquid chromatography (HPLC) [11, 12] have been reported. However, the reported HPLC profiles could not achieve satisfactory resolution and the researches only focused on the nootkatone of A. oxyphylla fruits. As a result, other compounds' quantification has not been reported. Now, quantitative analysis of multiple active components has been widely recognized to be a more feasible method for the quality control of herbal medicines [13, 14] . Therefore, we developed and validated a simple UFLC-MS /MS method for the simultaneous analysis of the nine compounds of A. oxyphylla fruits from various harvest time. This study firstly provided a better method for comprehensive component analysis of A. oxyphylla fruits. Meanwhile, the different harvest time of the herb for quality evaluation were also discussed.
Experimental

Chemicals and materials
The dried fruits of A. oxyphylla of different harvest time (10-day, 15-day, 20-day, 25-day, 27-day, 30-day, 35-day, 40-day, 45-day, 50-day, 55-day, 60-day and 65-day) were collected from Qiongzhong county, Hainan province, China. The material was identified by vice Prof. Jian-ping Tian of Hainan Medical University. Reference standards of nootkatone, yakuchinone A, yakuchinone B, oxyphyllacinol, tectochrysin, izalpinin, chrysin, kaempferide and apigenin-7,4′-dimethylether were isolated and purified in our laboratory. On the basis of UV, NMR and MS analysis, the structures of isolated reference standards were confirmed, and their purities determined using HPLC-PDA-MS were over 98.0%. Their structures are presented in Figure 1 . Methanol was HPLC-grade from Merck (Darmstadt, Germany) and deionized water was purified by a Cascada IV super purification system (Pall Corporation, NY, USA).
Other reagent solutions were analytical grade (Shanghai Chemical Reagent Company, Shanghai, PR China).
Preparation of standard solutions
A mixed standard stock solution containing nootkatone (1), yakuchinone A (2), yakuchinone B (3), oxyphyllacinol (4), tectochrysin (5), izalpinin (6), chrysin (7), kaempferide (8) , and apigenin-7,4'-dimethylether (9) was prepared in acetonitrile. The working standard solutions were prepared by diluting the mixed standard solution with acetonitrile to a series of proper concentrations within the ranges: 1, 2.00-1000.00 ng/mL; 2, 1.00-1000.00 ng/mL; 3, 1.00-1000.00 ng/mL; 4, 5.83-1165.00 ng/mL; 5, 2.07-1135.00 ng/ mL; 6, 5.00-1000.00 ng/mL; 7, 2.00-1000.00 ng/mL; 8, 2.16-1080.00 ng/mL; 9, 5.00-1000.00 ng/mL. The standard stock and working solutions were all stored at -40°C until use and filtered through a 0.22 μm membrane prior to injection.
Preparation of sample solutions
Thirteen batches fruits of A. oxyphylla were ground into powder and sieved with a 40 mesh, respectively. An aliquot (0.5 g) was weighed precisely and refluxed with 10 ml of 70% ethanol for 30 min at 60°C, and finally made to a volume of 10 ml using 70% ethanol. Three replicates of the extraction process were carried out on the independent samples. The solution was filtered through 0.22 μm membrane prior to use. The filtrates were diluted one hundred Figure 1 Chemical structures of the nine phytochemicals.
times with methanol, and a 5 μl aliquot was injected into the UFLC-MS/MS system for analysis.
Apparatus and operation conditions Liquid chromatography
Chromatographic analysis was performed on a Shimadzu LC-20 AD UFLC system (Shimadzu Corp., Tokyo, Japan), consisting of a binary pump solvent management system, an online degasser, and an autosampler. A Shim-Pack XR-ODS column (100 mm × 2.0 mm, 2.2 μm) was employed and the column temperature was maintained at 30°C. The mobile phase was composed of A (water containing 0.04‰ formic acid) and B (methanol containing 0.04‰ formic acid) using a gradient elution of 2% B at 
0 min to 100% B at 10 min with a flow rate set at 0.30 mL/min. The injection volume was 5 μL.
Mass spectrometry
An AB-SCIEX API 4000 + mass spectrometer (Toronto, Canada) interfaced via a Turbo V ion source with a Shimadzu Prominence UFLC chromatographic system (Shimadzu Corporation, Kyoto, Japan). The AB-SCIEX Analyst software packages were used to control the UFLC-MS/MS system, as well as for data acquisition and processing. The mass spectrometer was operated in the positive ion ESI mode with multiple reaction monitoring (MRM) for all the analytes. The pneumatically nebulized ESI spraying was achieved by using inner coaxial nebulizer N 2 gas of 55 psi through a TurboIonSpray probe, a high voltage of + 5.5 kV applied to the sprayer tip, and heated dry N 2 gas of 55 psi at 550°C from two turbo heaters adjacent to the probe. To prevent solvent Figure 2 Typical LC-MS/MS chromatograms of nine phytochemicals from A. oxyphylla fruit sample. They were identified by the comparison of the retention time and mass spectra (MRM mode) with the corresponding pure compounds.
droplets from entering and contaminating the ion optics, a curtain N 2 gas of 25 psi was applied between the curtain plate and the orifice. The collision gas (N 2 ) flow was set at level 4. The parameters for MRM were optimized for each analyte and selected values are given in Table 1 .
Method validation Calibration curves, limits of detection (LOD) and quantification (LOQ)
A series of concentrations of standard solution were prepared for the establishment of calibration curves. The peak areas were plotted against the corresponding concentrations to obtain the calibration curves. LODs and LOQs were determined using diluted standard solution when the signal-to-noise ratios (S/N) of analytes were about 3 and 10, respectively. The S/N was calculated as the peak height divided by the background noise value.
Precision, repeatability and accuracy
The intra-day and inter-day variations, which were chosen to determine the precision of the developed method, were investigated by determining the 9 analytes in six replicates during a single day and by duplicating the experiments on three consecutive days.
Variations of the peak area were taken as the measures of precision and expressed as percentage relative standard deviations (RSD).
Repeatability was confirmed with six independent analytical sample solutions prepared from the same batch of sample (the fruits of A. oxyphylla collected at 55-day) and variations were expressed by RSD. One of the sample solutions mentioned above was stored at 25°C, and injected into the apparatus at 0, 2, 4, 8, 12 and 24 h, respectively, to evaluate the stability of the solution.
A recovery test was used to evaluate the accuracy of this method. The test was performed by adding known amounts of the 9 standards at low (80% of the known amounts), medium (the same as the known amounts) and high (120% of the known amounts) levels. The spiked samples were then extracted, processed and quantified in accordance with the aforementioned methods. The average recovery percentage was calculated by the formula: recovery (%) = (observed amounts -original amounts)/ spiked amounts × 100%.
Identification and quantification
Identification of the target peaks was performed by comparing their UFLC retention times, and mass/charge ratios Table 4 Experimental concentration values (ng/mL) obtained for intra-day precision (n = 6) and inter-day precision (n = 18) in UFLC-MS/MS analysis for the nigh compounds in the extract solution of samples (m/z) with those of the standards. In order to further confirm the structures of the constituents, standards and samples were analyzed by UFLC-MS/MS in positive ion modes. Quantification was performed using linear calibration plot of peak area and concentration.
Optimization of compounds extraction
The 55-day fruit was used to optimize the extraction condition of nine compounds. The solvent, solvent-to-sample ratio, extraction time and extraction temperature were optimized. The powder of 0. ) experimental design, and each extraction was tested in triplicate.
Using the selected optimal extraction conditions, the different harvest time fruits of 0.5 g were accurately weighed and extracted at 60°C with 10 mL 70% ethanol for 30 min. The extraction of each sample was performed in triplicate. And the solution was filtered through a 0.22 μm filter before UFLC-MS/MS analysis.
Results and discussion
Optimization of the extraction conditions
The parameters obtained from the orthogonal (L 16 4 3 × 2 1 ) test of three types of compounds extraction were weighed and quantitatively analyzed using evaluation indices k and R (Table 2 ). The results showed that the R value of factor B was the highest for the nootkatone and diphenylheptanes ingredients, and less significant for the flavones components. This indicated the solvent-to-sample ratio was the most important factor among the four parameters. Extraction time and extraction temperature generally had much less significant effects on the three types of ingredients. Similarly, solvent was important for all the three types of ingredients. Based on the R values, the factors could be ranked by importance for the overall three types of ingredients as follows: solvent-to-sample ratio > solvent > extraction time > extraction temperature.
Solvent-to-sample ratio of 20:1 gave a higher yield for all the three types of ingredients than other ratios. The effect of extraction solvent was slightly different for three types of components. The ethanol-water (70:30) solvent gave the highest yields for nootkatone and diphenylheptanes, followed by flavones. Extraction temperature of 60°C gave the highest yields for all the three types of ingredients. Extraction time was a bit complicated factor for the yields of three types of components, but it had less effect on the yields of three ingredients. So the 20:1 of 70% ethanol (v/v) for 30 min at 60°C was chosen as the optimized condition for the extraction of nine compounds from A. oxyphylla.
Optimization of the chromatographic and mass spectrometric conditions
In order to achieve optimum separation in a short analysis time, the chromatographic conditions such as column, Figure 3 The content levels of nine compounds of different harvest time fruits of Alipina oxyphylla were assessed under the optimized extraction and UFLC-MS/MS analytical conditions, and the 45-day culture fruit had the highest levels.
mobile phase and gradient program were optimized in the preliminary test. Two brands of analytical columns, Shim-Pack XR-ODS column (100 mm × 2.0 mm, 2.2 μm) and Agilent Zorbax (100 mm × 4.6 mm, 1.8 μm), were compared. The results showed the former one obtained chromatograms with better resolution of adjacent peaks within shorter time. Although all compounds could be separated satisfactorily with the Agilent Zorbax, it had a longer retention time. Therefore, the Shim-Pack XR-ODS column was selected as analytical column. In this study, various mobile phase, methanol-water, acetonitrile-water, acetonitrile-alkaline aqueous solution and acetonitrile-acid aqueous solution were tested for good chromatographic behavior and appropriate ionization. Acetonitrile-formic acid solution was finally selected. The concentration of formic acid was further optimized to be 0.04‰. The column temperature was set at 30°C, rather than 25°C or 35°C. MS spectra were studied in both positive and negative ion modes. It was found that compared to the negative ion mode, yakuchinone A and yakuchinone B had higher sensitivity in the positive ion mode, which made it easier to detect their contents in A. oxyphylla fruits, and easier to confirm molecular ions or protonated molecule ions in the identification of each peak. As such, the positive MS ion mode was selected. The chemical structures of nine components were characterized based on their retention behaviors and MS information, such as quasi-molecular ions [M + H] + and fragment ions. The ion pairs of precursor-to-product for MRM detection were generated by the Compound Optimization which was embedded in the Analyst software. Each compound was investigated individually to achieve optimal scan time, DP, EP, CE and CXP. Under the optimized UFLC and MS/ MS conditions, all nine compounds in the fruits of A. oxyphylla were identified and quantified. Table 1 , and UFLC-MS/MS chromatograms of 9 markers in Figure 2 .
Analytical method validation
The proposed UFLC-MS/MS method for quantitative analysis was validated by determining the linearity, LOD, LOQ, intra-day and inter-day precisions, stability and accuracy. As shown in Table 3 , all calibration curves showed good linearity (r > 0.9885) within the test ranges, and the overall LODs and LOQs were in the range of 0.60-1.75 ng/mL and 2.00-5.83 ng/mL, respectively. The RSD values of intra-and inter-day variations, repeatability and stability of the nine analytes were all less than 5% ( Table 4 ). The overall recoveries lay between 95.1% and 106% with RSD less than 5.63%. All the results mentioned above indicated that the established method was accurate.
Quantitative analysis of samples
The proposed UFLC-MS/MS method was subsequently applied to determine nine chemical markers including nootkatone (1), yakuchinone A (2), yakuchinone B (3), oxyphyllacinol (4), tectochrysin (5), izalpinin (6), chrysin (7), kaempferide (8) and apigenin-7,4′-dimethylether (9) from the 10-day to 65-day samples of fruits. The results (Table 5 and Figure 3) showed that three kinds of components accumulated with the growth time. But there were remarkable differences in their contents at different harvest time. For example, there was few nootkatone before 27 days in fruits. With the growth of fruit, the content of nootkatone entered a rapid growth phase and reached the maximum (mean value as 1.557 mg/g) at 45-day. From 45-day to 55-day, the content of nootkatone in fruits showed a little downward trend from 1.557 mg/g to 1.160 mg/g. For the three diphenylheptanes compounds, the content of every compound was very low before 40-day but at 45-day all their contents increased sharply to the maximum (mean value as 2.401 mg/g for yakuchinone A, 0.0795 mg/g for yakuchinone B and 2.465 mg/g for oxyphyllacinol). After 45-day, the contents of three diphenylheptanes compounds declined to 503 μg/g for yakuchinone A, 40 μg/g for yakuchinone B and 353 μg/ g for oxyphyllacinol at 65-day. The flavones compounds exhibited another characteristics. Most of flavones achieved the maximum content before 30 harvest time. The tectochrysin had the maximum content of 128 μg/g at 20-day, the izalpinin of 33.2 μg/g at 20-day, the kaempferide of 264 μg/g at 15-day and apigenin-7,4′-dimethylether of 86.7 μg/g at 15-day. Only the content of chrysin achieved the maximum of 62.9 μg/g at 45-day. The differences of content variation between flavones with other two kinds of compounds might indicate the biosynthetic pathway of flavones was differentiated with the other two types of phytochemicals.
Conclusion
In this paper, an UFLC-MS/MS method was proposed and validated as a reliable and powerful technique for simultaneous qualification and quantification of nine compounds in the fruits of A. oxyphylla within 15 min. This method was applied to investigate the contents of nine compounds harvested at different time. The data showed there were remarkable differences at the harvest time and contents of the chemical markers among three types of chemical. The sesquiterpene compound, i.e., nootkatone accumulated with the growth of plant. The contents of three diphenylheptanes compounds showed a sharp increase at the ripe fruit of 45-day. The flavonoids presented another rule that had the maximum contents before 30-day. These results suggested that the sesquiterpene and diphenylheptane compounds might two important components for the fruit.
The results mentioned above showed that our work could offer a general analytical method for the quality control of the fruits of A. oxyphylla and also could provide some useful information for rational harvest periods of A. oxyphylla resources.
Abbreviations UFLC: Ultra fast liquid chromatography; UFLC-MS/MS: Ultra fast liquid chromatography coupled with mass spectrometry and mass spectrometry detector; HPLC: High performance liquid chromatography; HPLC-PDA-MS: High performance liquid chromatography coupled with photo diode array and mass spectrometry detector; RSD: Relative standard deviations.
